SUMMARY Neurophysiological observations were made on normal subjects and on 57 patients who had had injuries to the spinal cord. The amplitude of the muscle compound action potential (M response) recorded from triceps surae in response to supramaximal stimulation of the tibial nerve was reduced in the patients indicating that there are changes in motor units below the level of a spinal lesion in man. In the patients who were clinically spastic it was found that: (1) The proportion of the triceps surae motoneuron pool reflexly activated either by tapping the Achilles tendon or by stimulating the tibial nerve just below the threshold of the alpha motoneuron axons (H reflex) was greater than in normal subjects. This can be explained by an increase in the excitability of central reflex pathways. (2) Vibration of the tendo Achilles depressed the H reflex less effectively than in normal subjects. This may indicate altered transmission in the premotoneuronal portion of the H reflex pathway. ( 3) The H reflex elicited 50 and 100 ms after a standardised conditioning stimulus to the tibial nerve and expressed as percentage of the unconditioned reflex was greater than in normal subjects. This could reflect a change in the excitability of motoneurons or of interneurons.
Spasticity can be defined as "a motor disorder characterised by a velocity-dependent increase in tonic stretch reflexes (muscle tone) with exaggerated tendon jerks".' The neurophysiological basis for this clinical syndrome is unknown. Most observations on spasticity have been made on mixed groups of patients with cerebral, spinal and diffuse lesions27 although there is no reason to expect that identical neurophysiological abnormalities will result from such anatomically diverse lesions. The (b) H reflex conditioned by stimulus that just failed to excite motor axons. Two stimulators were now connected so that paired stimuli of different strengths could be delivered to the tibial nerve through the same electrode. The conditioning stimulus was set just below the threshold of the motor axons in the tibial nerve. This was established by inspection of the calf muscles and the EMG trace on the storage oscilloscope and was monitored during the experiment. An increase in the delivered current could be detected by the appearance of the M response and a decrease by a reduction in the reflex response. The intention was to deliver a conditioning stimulus exciting as similar a proportion of the large muscle afferents as possible in every subject. The reflex response (Hs) (28) below the threshold of the alpha motoneuron axons) was used a greater proportion of the triceps surae motoneuron pool was excited in patients with spasticity (64%) than in normal subjects (43%; p < 0-01) (fig 2) . Tendon jerk and H reflex The proportion of the triceps surae motoneuron pool activated by an Achilles tendon tap (T reflex/M ratio) was increased in the patients with spasticity but the largest proportion of this motoneuron pool which could be reflexly activated electrically (Hmax/M ratio) was not. This situation has been described in spasticity from mixed and cerebral lesions5-'8 with the suggestion that the disproportionate increase in the tendon jerk might reflect a change in spindle excitability. However, we found that a standardised electrical stimulus to the tibial nerve (just below the threshold of the alpha motoneuron axons) also reflexly activated a larger proportion of the triceps motoneuron pool in patients with spasticity than in normal subjects. One possible explanation for these findings is that in spasticity there is an increase in the excitability of whatever central pathways are common to the tendon jerk and the H reflex, but that the maximum H reflex normally excites such a large proportion of the motoneuron pool that little further increase is possible. An increase in central excitability could result from alterations in the properties of the presynaptic pathway, the ease of which motoneurons are recruited or the state of interneurons capable of influencing motoneurons. We now tried to distinguish between these possibilities.
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Suppression of the H reflex by vibration
In normal subjects vibration of a limb causes a striking depression of the H reflex.'9-2' The depression occurs some time after the onset of vibration and may outlast the vibration by several hundred ms,22 so it is unlikely to be due to occlusion in the afferent nerve fibres (the "busy line" effect). Vibration also suppresses the facilitation of single motors unit by group 1 volleys without changing the motor units firing rate (and, by implication, its excitability). 23 If the H reflex is accepted as being largely mediated by a monosynaptic pathway, the locus of the suppressive effect of vibration is "premotoneuronal" (for example, due to presynaptic inhibition, transmitter depletion of failure of invasion of some afferent terminals).
Vibration produces less depression of the H reflex in patients with spasticity'820 and we confirm that 25 To overcome this difficulty we plotted the entire H-M recruitment curve at each conditioning-test interval and chose only the largest control and conditioned H reflexes.
The strength of the conditioning stimulus is also crucial. The stronger the conditioning stimulus the greater the inhibition of the H reflex.22426 As this is due, in part, to inhibitory effects arising from the stronger conditioning volley,27 28 , we chose a conditioning volley just below the threshold for motoneuron axons in order to excite as similar a population of afferents as possible in the normal subjects and spastic patients. Motor and sensory conduction velocities do not change in these patients'7 so the relative thresholds can be assumed to be similar to those in normal subjects. We found that the test H reflex (expressed as a percentage of control) was larger in spastic patients at intervals of 50 ms and 100 ms following such conditioning volleys (fig 3) . This has also been reported in spasticity from cerebral and mixed lesions.2 34 7 29 The refractory period of afferent nerve fibres is known to be very short and can be neglected as contributing to H reflex depression. The larger H reflex in spastic patients following a conditioning volley could result from more rapid recovery of excitability of the presynaptic terminals or of the population of motoneurons or from changes in the late arriving synaptic activity arising from the conditioning volley (or from the consequent muscle contraction).
We tested transmission in the presynaptic segment of the H reflex pathway by conditioning the H reflex with an electrically induced afferent volley just insufficient to excite the motoneurons reflexly, but presumably still sufficient to excite some of the large afferents and their presynaptic terminals. There were no significant differences between the normal subjects and spastic patients. Thus the presynaptic changes produced by a single volley are
